The pygmy dipole states were populated in 208 Pb and 124 Sn by the inelastic scattering of a 17 O beam at the energy of 20 MeV/u, and their subsequent gamma decay was measured with the AGATA demonstrator array. Differential cross sections as a function of the angle were measured. The results are compared with (γ, γ ) data. For the dipole transitions, a form factor obtained by folding a microscopically calculated transition density was used. This has allowed us to extract the isoscalar component of the 1 − excited states.
Introduction
The electric dipole (E1) strength in atomic nuclei is almost completely concentrated in the extensively studied isovector giant dipole resonance (IVGDR). For neutron-rich nuclei, the E1 response is characterized by concentrations of strength, denoted as pygmy dipole resonance (PDR) or pygmy states, around and below the particle separation energy [1] . The PDR is expected to reflect the properties of the neutron skin [2] [3] [4] [5] [6] [7] [8] and this is used to constrain the equation of state of neutron-rich matter. One important open problem for pygmy states is the cross section sensitivity to transition densities containing the nuclear structure information. The pygmy states are characterized by transition densities with peculiar features: neutron and proton are in phase inside the nucleus, while at the surface only the neutron part survives. To explore this, one needs high-resolution measurements and the comparison of data obtained with different probes. In particular, it is interesting to use a probe interacting mainly at the surface of the nucleus. This is the case of 17 O ions at the energy of 20 MeV/u.
The experiment
We performed inelastic scattering experiments using a 17 O beam at the energy of 20 MeV/u provided by Tadem-ALPI accelerator complex at the LNL-INFN laboratory. Different target nuclei were studied, but we concentrate here on the cases of 208 Pb and 124 Sn. The scattered 17 O ions were detected using two segmented silicon ∆E-E telescopes [9, 10] that were placed symmetrically with respect to the beam direction. These detectors have an energy resolution of about 0.3% at 340 MeV allowing a good separation of the oxygen isotopes. The gamma decay of the pygmy dipole states was measured with high resolution in coincidence using the AGATA demonstrator [11] . In Fig. 1 the AGATA gamma spectrum, for the case of the 208 Pb target, is shown in the 4.5-8 MeV range. This spectrum is obtained requesting the 17 O inelastic scattering channel and that the energy detected in AGATA be equal to the Total Kinetic Energy Loss (TKEL) in the silicon detectors, this latter condition allows to select transitions to the ground state. Furthermore, the spectrum has been Doppler corrected for the recoil velocity. In fact, since the pygmy states have a lifetime of the order of 1 fs or shorter, the gamma rays are emitted when the target nucleus is still recoiling. Furthermore, an unfolding procedure [12] has been applied to the spectrum to suppress the escape peaks and most of the Compton background. In the energy region of the E1 pygmy states also E2 transitions are present. In order to obtain a spectrum in which the E1 transitions we are interested in are enhanced, we applied an additional gating condition at the angle between the direction of the recoil and of the emitted gamma ray. The selected angular range is 65 • -115 • , corresponding to the region in which the E1 multipolarity is maximized. 
Results
The measured angular distributions of the scattered 17 O ions were analyzed performing DWBA calculations using the code FRESCO [13] . The first step was to calculate the 17 O+ 208 Pb elastic scattering cross section. This optical model calculations permitted to determine the absolute normalization of the data. The upper panel of Fig. 2 shows the data for elastic scattering divided by the Rutherford cross section. The optical model parameters of Saxon-Woods potentials providing the best fit to the data used correspond to V = 40.0 MeV, W = 42.5 MeV (with V and W the depth of the real and imaginary potentials), r v = r W = 1.15 fm, a V = a W = 0.767 fm (the radii and diffuseness of the real and imaginary parts) and r C = 1.20 fm (the Coulomb radius parameter). These are consistent with previous measurements at similar energy [14, 15] . The differential cross section was determined for the 3 − at 2613 keV and it is shown in the bottom panel of [deg] 17 O+ 208 Pb elastic data. In these calculation, the adopted B(E3)↑ is used as input for the code. Moreover, pure isoscalar excitation is assumed, implying that the ratio of the neutron matrix element and the proton matrix element is given by M n /M p = N/Z. It is evident that the calculations are able to reproduce well the measured differential cross section.
The DWBA calculations for the differential cross section of the pygmy states obtained using the same procedure adopted for the 3 − state are in a strong disagreement with the experimental data. The result of this calculation using the standard collective model form factor for the nuclear part and the B(E1)↑ value from (γ, γ ) measurements is shown with the dotdashed/green line in the left panel of Fig. 3 . In particular, in the figure, it can be seen from the comparison with the experimental data that only a fraction of the measured yield is accounted for. In order to make more realistic calculations for the pygmy dipole states, a microscopic form factor was obtained for 17 O+ 208 Pb, by using a double folding procedure with an M3Y nucleon-nucleon interaction [16] . This form factor is derived from the transition density that is shown in the right panel of Fig. 3 . The DWBA calculation performed using this form factor for the nuclear part allows to reproduce well the data. Using this procedure, it was also possible to extract the value of isoscalar dipole (ISD) EWSR associated to the pygmy states. The fraction of the exhausted ISD EWSR for the pygmy dipole states derived from this ( 17 O, 17 O γ) experiment [17] is shown in Fig. 4 in comparison to the B(E1)↑ values from (γ, γ ) experiment on 208 Pb [18] . The figure shows a selectivity in the population of the pygmy states as compared to photon scattering results. The observed behavior is similar to what was found in other nuclei using the (α, α γ) reaction [19, 20] , a number of states concentrated in the lower energy part of the spectrum are better populated via ( 17 O, 17 O γ), while the higher lying group of states of isovector nature are suppressed in the isoscalar channel. The same kind of DWBA analysis has been applied to the data acquired with 124 Sn target. Also in this case, the comparison of the measured cross section of ( 17 O, 17 O γ) [21] with (γ, γ ) data evidenced the splitting of the PDR states in two regions as in the (α, α γ) experiments: a low lying part of the E1 strength characterized by isoscalar transition densisities that are peaked on the surface which lead to an enhancement in the isoscalar E1 response, while the higher-lying states can be interpreted as transitions towards the GDR [20] . The first step of the DWBA analysis consisted in the calculation of the elastic scattering cross section, which allowed to extract an overall normalization factor related to the beam current and target thickness. This normalization factor was used for every other measured inelastic scattering cross section. The calculations for different 2 + excited states performed using the standard collective form factor and the adopted B(E2)↑ [22, 23] were able to reproduce well the experimental data. For the 1 − pygmy states, a calculation including both the Coulomb and nuclear contributions and corresponding to a form factor of GDR type is shown in Fig. 5 (solid/green line) . The calculated curve lies significantly below the experimental data. In order to reproduce the measured cross section, similarly to what was done for the case of 208 Pb, another DWBA calculation was performed (dotted/red line) using a microscopic form factor based on the transition density associated to the E1 pygmy states. This calculation was fitted to the experimental data and this allowed to extract the value of the ISD EWSR which resulted to be 1.5(0.2)% for the sum of the measured discrete states in the interval 5.5-7 MeV. 
Conclusions
The inelastic scattering of the 17 O ions at 20 MeV/u has been used to populate the pygmy states in 208 Pb and 124 Sn nuclei. The DWBA analysis allowed to reproduce the differential cross sections for elastic scattering and for inelastic excitation of the 2 + and 3 − states. The differential cross section for the dipole transition was reproduced using a form factor obtained by folding a microscopically calculated transition density associated to the pygmy states. This allowed to extract the isoscalar component of the 1 − excited states.
